This study assessed the relation between non-native subjects' age of learning (AOL) English and the overall degree of perceived foreign accent in their production of English sentences. The 240 native Italian (NI) subjects examined had begun learning English in Canada between the ages of 2 and 23 yr, and had lived in Canada for an average of 32 yr. Native English-speaking listeners used a continuous scale to rate sentences spoken by the NI subjects and by subjects in a native English comparison group. Estimates of the AOL of onset of foreign accents varied across the ten listeners who rated the sentences, ranging from 3.1 to 11.6 yr (M=7.4). Foreign accents were evident in sentences spoken by many Nl subjects who had begun !earning English long before what is traditionally considered to be the end of a critical period. Very few NI subjects who began learning English after the age of 15 yr received ratings that fell within the native English range. Principal components analyses of the NI subjects' responses to a language background questionnaire were followed by multiple-regression analyses. AOL accounted for an average of 59% of variance in the foreign accent ratings. Language use factors accounted for an additional 15% of variance. Gender was also found to influence degree of foreign accent.
spoken by Chinese adults who first arrived in the United States (US) at an average age of 7.6 yr received significantly lower ratings than did sentences spoken by native English subjects. The ratings obtained for sentences spoken by native Spanish subjects who had arrived in the US by the age of 6 yr, on the other hand, did not differ significantly from the ratings obtained for native-produced sentences. As to the "AOL offset" question, Scovel (1988) claimed that foreign accents are present in the speech of most if not all individuals who began learning their L2 after the age of 12 yr. Patkowski (1990) concluded that a critical period ends somewhat later, at the age of 15 yr.
The foreign accent studies cited earlier have provided converging evidence concerning age effects on L2 pronunciation, but each study has suffered from one or more methodological limitations. A comprehensive study is needed to resolve the AOL onset, AOL offset, and universality questions. The present study met this need by (1) examining a population of non-native subjects who had reached their ultimate attainment in English, (2) sampling over the entire range of AOLs in which L2 pronunciation accuracy might be expected to vary, (3) examining speakers of a single native language, and (4) using a scaling technique that was sufficiently sensitive to reveal even small divergences from the phonetic norms of English. Native English-speaking listeners used a continuous scale to rate sentences spoken by 240 native Italian (NI) adults who differed primarily according to the age at which they had first begun learning English. Two recent studies showed that the Italian subjects' accuracy in producing vowels (Munro etal., 1995) and consonants in isolated English words decreased systematically as AOL increased. We therefore expected the degree of perceived foreign accent in English sentences spoken by the NI subjects to increase as a function of AOL. To evaluate factors in addition to AOL that might affect degree of accent, the NI subjects' responses to a language background questionnaire were submitted to principal components analyses followed by multiple-regression analyses.
I. METHOD

A. Subjects
All subjects examined in this study were living in Ottawa, Ontario when they were recorded. The native English subjects (10 males, 14 females) had all been born in Canada. (They will be designated in figures as having an age of arrival in Canada of "0" yr.) None of the native English (NE) subjects had been exposed to Italian in childhood or had learned Italian later in life. The 110 male and 130 female NI subjects were all born in Italy. The NI subjects were slightly older than the NE subjects (M=44 vs 39 yr). They had arrived in Canada between the ages of 2 and 23 yr (M=13 yr), and had lived in Canada for 15 to 44 yr (M =32 yr). The NI subjects reported using English more often than Italian on a daily basis (69% vs 28%), and said they pronounced Italian better than English (5.5 vs 5.2 on a 7-point scale). A few NI subjects reported speaking French, but self-reported use of French averaged less than 3%.
As is unavoidable in studies of large immigrant popula- tions (e.g., Bachi, 1956; Bahrick et al., 1994), a number of "natural" confounds existed between the primary independent variable of the study, AOL, and a number of other variables that might be related to L2 pronunciation. As shown in Fig. 1 (top) , the NI subjects' estimates of how frequently they used English and Italian varied as a function their age of arrival in Canada. Those who arrived in early childhood reported using English more than Italian. The gap between English and Italian narrowed as the NI subjects' arrival age increased. However, even those subjects who arrived in Canada as adults reported using English more than Italian. The NI subjects' self-reports concerning how well they pronounced English and Italian also varied with age of arrival. As shown in Fig. 1 (bottom) , subjects who arrived before the age of 12 yr reported pronouncing English better than Italian, whereas the reverse held true for those who arrived after that age. Significant correlations existed between self-reported frequency of use of English and ability to pronounce English [r=0.348, df=238, p<0.01], and between self-reported use and pronunciation of Italian [r=0.468, df=238, p<0.01]. A significant inverse correlation existed between age of arrival and length of residence (LOR) in Canada [r=-0.437, p<0.01]. This confounded the design. The earlier the NI subjects began learning English, which should contribute to accurate L2 pronunciation, the longer they had spoken English, which might also contribute to accurate L2 pronunciation. However, as will be shown below, LOR contributed little to variation in degree of perceived foreign accent.
The NI subjects were asked which of their two languages they spoke best. Of those who arrived in Canada by the age of 12 yr, 90% indicated that English was their better language, whereas only 26% of those who arrived later in life gave that response. The subjects were also asked which of their two languages they would be most reluctant to lose •'Age of first exposure to English in Canada, in years.
CAge at which the NI subjects estimated they could first speak English comfortably, in years.
through injury or illness. Despite differences in self-reported ability to Speak English, roughly the same percentages of early-and late-arriving subjects reported being less willing to lose English than !talian (86% vs 79%). This suggests that English was very important to all of the NI subjects, not just the early arrivals. The NI subjects were assigned to subgroups based on their age of arrival in Canada. As shown in Table I , the average arrival age of the 24 subjects in ten successive NI subgroups increased in roughly 2-yr increments. Also as shown in the table, the NI subjects reported having first been exposed to English 0.2 yr after their arrival in Canada, on average. They estimated being able to speak English "comfortably" 1.6 yr after their arrival in Canada, on average. Of these three age variables (i.e., age upon arrival, first exposure, and acquisition), age of arrival has been used most often in previous research as an index of the age of learning (AOL) a second language. It will therefore be the index of AOL used here.
B. Procedure
The subjects were tested individually by a single experimenter (MJM) in a quiet room of a Catholic church in Ottawa, Ontario. A delayed repetition technique was used to elicit both isolated words and sentences. Only the sentences will be examined in the present study. The sentences examined (I can read this for you; The red book was good,' Paul ate carrots and peas; The good shoe fit Sue; He turned to the right) did not sample the full range of English allophones, nor did they represent the full range of prosodic dimensions that distinguish English from Italian. These sentences were not designed to be especially difficult for Italian speakers of English; three of them were drawn from previous studies (Flege and Eefting, 1987; Flege, 1988b; Flege and Fletcher, 1992) . The sentences were presented in written form and also aurally, via a tape recording, to reduce the possibility that difficulty in reading might masquerade as foreign accent. Each sentence to be produced was preceded and followed on the tape by a context sentence, as in the following mini- The lowest mean ratings given by the ten listeners to any individual subject (averaged over sentences) ranged from 0 to 22. The lowest mean rating given to any subgroup of 24 subjects was 66. This indicates that the listeners followed the instruction to reserve their lowest rating for the one subject who had the strongest foreign accent. Preliminary analyses revealed that the order in which the listeners heard the five sentences did not exert a significant effect on between-group differences, nor were important variations found to exist over the five days of testing. These factors will therefore not be discussed further.
II. RESULTS
A. Effects of AOL
We began by evaluating our assumption that the five English sentences would receive similar foreign accent ratings. A mean rating for each subject's production of the five sentences was calculated, averaged over the ten listeners tion of the scale (see above) whereas others tended to avoid using the highest portion of the scale, which may have indicated a lack of confidence that NE subjects were indeed native speakers of English. When the ranges of mean ratings given by the ten listeners to the 264 subjects were considered, it was found that only one listener's ratings spanned the entire available range ( Williams' test (a=0.005) was used to determine, for each listener, which of the NI subgroups received significantly lower ratings than did the NE subjects. ] The AOL of the first foreign-accented NI subgroup varied across the ten listeners. One listener gave significantly lower ratings to the first NI subgroup than to the NE subjects. This group consisted of subjects with a mean AOL of 3.1 yr. For three other listeners, the first foreign-accented subgroup was the group consisting of NI subjects with an average AOL of 5.2 yr. The remaining listeners first detected foreign accent in the NI subgroups made up of subjects having average AOLs of 7.5 (two listeners), 9.6 (three listeners), and 11.6 yr (one listener). Averaging over the ten listeners, 7.4 yr was the AOL of the first foreign-accented NI subgroup.
A histogram with a bin size of ten was prepared to provide insight into how the first two NI subgroups differed from the NE subjects. A total of 1200 mean ratings were available for each of these groups (24 subjects ž10 listenersž5 sentences). As shown in Fig. 4 , the NI and NE subjects differed in two respects. The NI subjects received the highest possible rating less often than did the NE subjects. They also received more ratings of 100-200 than did the NE subjects. As noted earlier, however, these differences The 24 NE subjects could have been misclassified as "foreign accented" in 240 instances (24 subjectsx 10 listeners). However, misclassifications occurred in just seven (2.9%) instances, which is a low rate for a study of this kind (see, e.g., Asher and Garcia, 1969). The ratings given by five listeners to one of the NE subjects resulted in a misclassification, and the ratings given by two other listeners to another NE subject resulted in misclassifications. It is at least possible that these instances were not actually misclassifications.
The two NE subjects just mentioned were brothers aged 40 and 43 yr. In screening NE subjects, we were careful to exclude anyone who had been exposed to Italian in childhood, 
Regression analyses
The NI subjects' responses to the questionnaire were analyzed to identify factors that might influence degree of perceived foreign accent. Separate principal components analyses were carried out to examine the male and female subjects' responses to the questionnaire. The purpose was to identify common underlying factors. A varimax rotation was performed, which retained the orthogonality of the factors while optimally separating items related to one another from those that were not (see Metz et al., 1985) . The analysis for male subjects yielded 11 factors which accounted for 75% of variance in the 34 questionnaire items. The analysis for females subjects accounted for 74% of variance. Some of the underlying factors, which are summarized in Table II, were similar for the male and female subjects, and thus might be considered to be the "same" factor. For example, the same three questionnaire items had the highest loadings on an "AOL" factor for both genders (viz., age of arrival in Canada, age of self-reported first exposure to English, and age of self-reported acquisition of English; see Table I ). For •'lncrease in variance from the preceding step.
OF-value testing the significance at each step.
aProbability that adding the last variable accounted for significantly more variance. Other factors identified for the male and female subjects differed, however. A factor designated overall language use, which had high loadings on items dealing with the overall use of both English and Italian, was identified for the female but not the male subjects. Two factors identified for the female subjects, and three factors for male subjects, had high loadings on items that dealt with motivation. Of these, just the factor designated instrumental motivation seemed to be shared by the two genders. It had high loadings on items that dealt with the practical benefits of learning English well. Two factors identified for just the male subjects were designated instrumental motivation and integrafive motivation. The former had high loadings on items that seemed to reflect a desire to achieve competence in English in order to achieve specific (often economic) goals; the latter factor had high loadings on items that might be thought to reflect a desire to master English for social and cultural reasons.
Factor scores were calculated for each of the 240 NI subjects by applying the scoring coefficients generated by the principal components analysis to standardized values for subjects' responses to the 34 questionnaire items. The 11 factor scores were then submitted to stepwise multipleregression analyses, one for each gender. The dependent variable in these analyses was the overall average foreign accent ratings obtained for the 110 male and 130 female NI subjects. The regression model accounted for slightly more variance in the female than male subjects' ratings (81% vs 75%). As summarized in Table III , the AOL factor accounted for more variance than did any other factor (females: 63%, males: 55%).
Three "language use" factors accounted for 15% of variance in the foreign accent ratings obtained for both genders. However, the nature of these factors differed across genders. The factors identified for males, designated work use, social use, and home use, accounted for 9%, 5%, and 2% of variance, respectively. For females, factors designated social use, home use, and overall language use accounted for 6%, 5%, and 4% of the variance. Factors designated integrarive motivation and concern for pronunciation accounted for 3% of variance in the sentence ratings obtained for the male subjects. No motivational factor accounted for a significant amount of variance for the female subjects.
A length of residence factor was identified as a significant predictor of the foreign accent ratings obtained for both genders. A common observation in the L2 literature is that phonology learning proceeds rapidly in early stages, then stabilizes. The shortest amount of time any Nl subject had resided in Canada was 15 yr. The LOR factor accounted for little variance for either the male (1.9%) or the female subjects (1.6%), probably because of a ceiling effect.
III. DISCUSSION
The aims of this study were to determine when foreign accents first emerge, the latest age at which accent-free pronunciation of a second language is possible, and whether a critical period affects all individuals who learn a second language. Foreign accent ratings were obtained for English sentences spoken by native English (NE) and native Italian {NI) subjects. The NI subjects differcd according to their age of learning (AOL) English. The first NI subgroup to receive significantly lower ratings than the NE subjects varied across the ten NE-speaking listeners who rated the subjects' productions of English sentences. The most discerning listener gave significantly lower ratings to the first Italian subgroup than to the NE subjects. This NI subgroup consisted of individuals with a mean AOL of 3.1 yr. For the least discerning listener, the first NI subgroup to receive significantly lower ratings had a mean AOL of 11.6 yr. Averaged over all ten listeners, the average AOL for the first foreign-accented subgroup was 7.4 yr.
No previous study has tested for differences among individual listeners in ability to detect or scale foreign accent. Scovel (1981) found, however, that a group of 5-to 10-yr-old children were less able to detect foreign accent than were groups of older children and adults. The basis for the listener effect obtained in the present study is unknown. It may have been due to small differences in the native dialect of Canadian English spoken by the ten listeners (see Sec. I), to idiolectal differences in their representations for segmental and prosodie characteristics of English, or to differences in "tolerance" ranges for English phonetic structures. Long (1990) speculated that individuals who have encountered many varieties of English, including foreign-accented English, are less willing to judge a speech sample to be foreign accented than are individuals who have been exposed to fewer varieties of English. We did not anticipate the listener effect obtained here, and so did not take the precaution of obtaining detailed information pertaining to each listener's language history. Thus further research will be needed to determine the basis for differences between listeners in foreign accent perception.
Whatever the explanation, the results obtained here demonstrated that foreign accents may be present in the L2 speech of individuals who began learuing their L2 in childhood (Long, 1990) The results did not support the claim (Patkowski, 1990) that degree of perceived foreign accent increases precipitously after a critical period for speech learning has been passed at the age of 15 yr. However, the results support the view that, after a certain age, very few if any individuals will manage to speak their L2 without a trace of foreign accent (Scovel, 1988) . We determined how many of the 24 subjects in the NE group and in the ten NI subgroups received a foreign accent rating that fell more than 2.0 s.d.s below the mean rating obtained for the NE group. Virtually none of the NE subjects were incorrectly classified as "foreign accented" using this statistical criterion, whereas virtually all of the NI subjects who began learning English after the age of 15 yr were so classified. It is important to recognize, however, that the statistical criterion used here did not provide direct evidence of foreign accent detection. The most direct and sensitive method for doing so is a paired comparison task (see Flege, 1984) but, unfortunately, such a task requires an extremely large number of trials.
Another aim of the study was to identify factors that might influence degree of perceived foreign accent. Female subjects who began learning English as children were found to pronounce English somewhat better than did males matched for AOL, whereas males who began learning English in late adolescence pronounced English somewhat better than did their female cohorts. The male and female subjects' responses to a language background questionnaire were submitted to separate principal components analyses. The factors yielded by these analyses were submitted to multiple-regression analyses. Somewhat more variance in the foreign accent ratings obtained for female than male subjects was accounted for (81% vs 75%). A factor designated age of learning accounted for the largest amount of variance for both genders. Language use factors accounted for a total of 15% of variance for both genders, but the nature of those factors varied somewhat.
A factor designated length of residence (LOR) in
Canada accounted for a very small, albeit significant, amount of variance in the foreign accent ratings. As mentioned in Sec. I, LOR was confounded with the NI subjects' age of arrival in Canada. The correlation between the NI subjects' arrival age and the foreign accent ratings was far stronger when variations in LOR were partialled out (r=-0.837, p<0.01) than was the correlation between LOR and foreign accent ratings when variations in arrival age were partialled out (r= -0.193, p<0.01). Still, given that all of the NI subjects had lived in Canada for at least 15 yr, even a small LOR effect is of interest. Apparently, L2 pronunciation does not "fossilize" completely within the first few years of L2 learning (Selinker, 1972 ).
The present study focused on variations in degree of perceived foreign accent without attempting to establish which dimensions caused listeners to hear a foreign accent. However, a recent study by Flege and Hillenbrand (mss in preparation) suggested that the foreign accent was cued by segmental, subsegmental, and prosedie divergences from the phonetic norms of English. That study focused on a subset of the sentences ("The red book was good," "I can read this for you," "Paul at carrots and peas") and of the subjects examined here. A disproportionately later number of segmental errors were transcribed in sentences spoken by 18 NI males (those who had the strongest foreign accents in the present study) than in sentences spoken by nine NE males (88 vs 4 errors). Many NI subjects devoiced word-final consonants (in "peas" and "good") and realized/6/as/d/(in "the" and "this"). A few NI subjects made errors affecting syllable structure (omitting the final/d/in "good" or the final/s/in "carrots," inserting a schwa-like vowel following "red"). In other instances, consonant errors and vowel quality errors were heard that could not be characterized as segmental substitutions (see also . Two forms of sentences spoken by the 27 subjects were randomly presented to NE listeners for foreign accent ratings. The unprocessed sen-tences were identical to those examined here. The processed version of the sentences preserved only amplitude and F0 variations. As expected, the unprocessed version of sentences spoken by the NE subjects received much higher ratings than did the NI subjects' sentences. A smaller but nevertheless significant difference between the NE and NI subjects was also observed for the processed sentences. This indicated that prosedie dimensions in the NI subjects' production of English sentences were sufficient to cue foreign accent (see also produced exactly as by monolingual native speakers of the L2, however. The model postulates that L1 and L2 sounds exist in a common phonelogical space. By hypothesis, the phonetic categories for neighboring L1 and L2 sounds may be deflected away from one another so that phonetic contrast might be maintained both within and across languages (see also Watson, 1991) . Also, the use of new features in categories that are formed for L2 sounds may be age limited. The model just described, if supported, would provide an account for the positive correlation between AOL and strength of perceived foreign accent, as well as the presence of foreign accents in the speech of individuals who began learning their L2 in childhood. It also predicts that L2 learning will adversely affect bilinguals' pronunciation of their L1. When categories are added for L2 sounds, their presence in phonelogical space may cause neighboring L1 categories to be "deflected away" so as to maintain phonetic contrast in a common L1-L2 phonelogical space. In instances where category formation is blocked by equivalence classification, the prediction is that neighboring L1 and L2 sounds will come to resemble one another. It is hypothesized that, in such instances, a single category is used to process a diverse range of L1 and L2 phones. The extent to which L2 phonetic norms are approximated reflects the overall balance of L1 and L2 phones identified in terms of that single category. Thus the more accurately the L2 phones are pronounced (from a monolingual perspective), the less accurately the corresponding L1 phones will be pronounced (from the perspective of monolingual speakers of the L1).
One incidental finding of the present study was that NI subjects' self-estimates of their ability to pronounce English and Italian were inversely related. Subjects who reported pronouncing English well said they pronounced Italian poorly, and vice versa (Fig. 1) . Such a pattern might be the result of the assimilatory and dissimilatory effects predicted by the Speech Learning Model (Flege, 1995) . We hasten to add, of course, that the data shown in Fig. 1 
